Objective To evaluate adverse pregnancy outcomes in singleton pregnancies diagnosed with oligohydramnios through a systematic review and meta-analysis of controlled trials. (RR, 2.09; 95% CI,), meconium-stained amniotic fluid (RR, 1.32; 95% CI, and Cesarean delivery for fetal distress (RR, 1.65; 95% CI, 
INTRODUCTION
Amniotic fluid is one of the first visible signs of pregnancy 1, 2 . It is critical for a healthy pregnancy, acting as a physical cushion and promoting expansion and development of the fetal lungs. Amniotic fluid volume varies with gestational age, averaging 400 mL at term 3, 4 . Assessing amniotic fluid volume is an important part of obstetric management.
The gold standard for measuring amniotic fluid volume is the invasive dye dilution technique 5 . Validated non-invasive methods include the four-quadrant amniotic fluid index (AFI), single deepest pocket (SDP) and two-diameter pocket 6, 7 . Oligohydramnios can be defined as amniotic fluid volume < 5% for gestational age, AFI < 5 cm or maximal deepest pocket < 2 cm. SDP is the best method for diagnosing oligohydramnios 8 ; however, most studies evaluating adverse outcomes utilize AFI. Regardless of the method used, the finding of oligohydramnios is not normal.
Oligohydramnios can be found in an otherwise uncomplicated pregnancy or as an additional finding in a complicated pregnancy (hypertensive disorders, decreased fetal movement). Many studies have found that oligohydramnios in the setting of a complicated pregnancy is associated with an increased risk of adverse outcome, including admission to the neonatal intensive care unit (NICU), meconium staining of amniotic fluid, meconium aspiration syndrome (MAS), Cesarean delivery, 5-min Apgar score < 7, umbilical cord blood pH < 7.10, low birth weight (small-for-gestational age) and respiratory distress syndrome [9] [10] [11] [12] [13] [14] [15] [16] [17] . However, there are conflicting data on the significance of isolated oligohydramnios [18] [19] [20] [21] [22] [23] . The diagnosis of oligohydramnios alters pregnancy management and may be an indication for delivery. Depending on the gestational age, induction may increase the risk of Cesarean delivery and the risks associated with late preterm/early term deliveries. Therefore, it is important to delineate the risks of oligohydramnios and the benefits of prompt delivery.
In 1999, Chauhan et al. published a meta-analysis of studies looking at the perinatal outcomes of pregnancies with an antepartum or intrapartum AFI of > 5.0 cm compared with an AFI of ≤ 5.0 cm 24 . The purpose of our study was to expand the original study of Chauhan et al. 24 with a more recent comprehensive literature review. This study is a systematic review and meta-analysis of all controlled studies examining oligohydramnios and adverse perinatal outcomes, stratified by complicated and uncomplicated pregnancies.
METHODS

Literature search
This study was performed following the Preferred Reporting Items for Systematic reviews and MetaAnalyses (PRISMA) statement 25 . Prior to data abstraction, the protocol was registered with PROSPERO (registration no. CRD42015024566) 26 This systematic review involved three main concepts and various search strings were designed for the MEDLINE search. Concept 1 was amniotic fluid levels, Concept 2 was pregnancy outcomes and Concept 3 was the issue of fetal viability in the second or third trimesters. Medical subject headings for all pertinent concepts were identified and combined in unique patterns with text word and adjacency commands. Concept 1 required use of headings for oligohydramnios or polyhydramnios, both of which, by definition, indicate problems with amniotic fluid levels. These were used with 'OR' for text word searches for these terms. The heading for amniotic fluid was used with 'AND' ultrasonography, prenatal as a diagnostic tool plus the amniotic fluid heading was utilized in adjacency strings to identify articles discussing diagnostic or measurement issues with the fluid levels. The amniotic fluid term, in addition to 'single pocket' or 'maximum deep pocket' phrases, was combined with adjacency strings at the text word level. All four of the amniotic fluid strings were used with 'OR' into one set for Concept 1. This same search methodology was applied to the two remaining concepts. The final sets were used together with 'AND' and language and date limits were applied. RefWorks was used for citation management and all strategies were documented.
Study selection
Prospective and retrospective studies with a control group were considered eligible for the systematic review. Studies utilizing the Phelan method of four-quadrant AFI 6 , with a threshold of 5 cm for defining oligohydramnios, were eligible for inclusion in the meta-analysis. The adverse outcomes of interest were 5-min Apgar score < 7, Cesarean delivery for fetal distress, meconium-stained amniotic fluid, MAS, admission to the NICU and infant with low birth weight (< 2500 g).
Studies were divided into two groups according to risk. Low-risk studies were those in which patients with only isolated oligohydramnios were included; there was no pregnancy comorbidity that could explain the oligohydramnios (e.g. chronic hypertension or other chronic maternal comorbidity). High-risk studies were those that evaluated oligohydramnios in the setting of complicated pregnancies, therefore including conditions that may have led to oligohydramnios. All studies excluded pregnancies with fetal anomalies known to cause oligohydramnios (e.g. bladder outlet obstruction, renal agenesis) and pregnancies with preterm prelabor rupture of membranes. In addition, we excluded studies that did not clearly define the timeframe between AFI measurement and delivery, had a timeframe > 1 week or included multiple gestations.
Risk of bias
Risk of bias (ROB) was assessed with the QUADAS-2 tool 27 . We utilized the available database, spreadsheet and document templates for recording and displaying the data. QUADAS-2 utilizes four domains: patient selection, index test, reference test and flow/timing. Each domain was assessed for ROB and applicability, except the flow/timing domain which was assessed only for ROB. ROB and applicability were ranked as low, high or unclear based on the authors' judgment.
Statistical analysis
For each analysis, we calculated and reported the effect estimates, expressed as relative risk (RR) and 95% CI, in both low-risk and high-risk groups of women with oligohydramnios. Moreover, for each outcome of interest in the low-risk and high-risk groups, the calculated effect estimates were pooled to obtain the overall effect. We examined the level of heterogeneity between studies based on the Q-statistic and Higgins' I 2 statistic 28 . I 2 ≤ 25% indicates low heterogeneity, 25-75% indicates moderate heterogeneity and > 75% indicates high heterogeneity. The Q-statistic is typically underpowered for detecting true heterogeneity when the number of studies is small; therefore, we pooled data using a random-effects model. Publication bias was evaluated by funnel plot and Egger's asymmetrical test 29 for those outcomes with at least six to eight studies available for the meta-analysis. If potential publication bias was detected, we adjusted our meta-analysis results using a non-parametric trim-and-fill approach 30 . Finally, to evaluate the constancy of our results, sensitivity analysis was conducted using a leave-one-out method. All data analyses were performed using the R packages 'metafor' 31 and 'meta' 32 .
RESULTS
The literature search identified 3444 records. After eliminating duplicates and studies that did not meet the inclusion criteria based on the abstract, 91 studies examining oligohydramnios and pregnancy outcomes were identified. Two authors (N.R. and E.M.) independently reviewed the full text of these studies and an additional 73 studies were excluded, leaving 18 studies as the basis for the systematic review ( Figure 1 ). The reasons for exclusion are shown in Table S1 . Disagreements were re-examined together. Subsequently, three studies were excluded from the meta-analysis and are summarized in Appendix S1. A summary of the characteristics of the low-risk and high-risk studies is shown in Table 1 . Not every study assessed all outcomes of interest and therefore only the studies evaluating a particular outcome were included in the individual analysis. Six studies that reported on isolated oligohydramnios [18] [19] [20] [21] [22] [23] were included in the low-risk group, with a total of 27 526 patients. Three were prospective and three were retrospective studies. With the exception of one study 18 , all patients were ≥ 37 + 0 weeks' gestation. Compared with women with normal AFI, patients with isolated oligohydramnios were more likely to have an emergency Cesarean delivery for fetal distress (RR, 2.16; 95% CI, 1.64-2.85), admission to the NICU (RR, 1.71; 95% CI, 1.20-2.42) and an infant with MAS (RR, 2.83; 95% CI, 1.38-5.77) (Figure 2 ). There was no difference in the rate of meconium-stained amniotic fluid.
Nine studies reported on oligohydramnios in complicated pregnancies [9] [10] [11] [12] [13] [14] [15] [16] [17] and were included in the high-risk group, with a total of 8067 patients. Six were prospective and three were retrospective studies. Compared with women with normal AFI, patients with oligohydramnios and comorbidities were more likely to have an infant with low birth weight (RR, 2.35; 95% CI, 1.27-4.34). There was no difference in the rates of emergency Cesarean delivery for fetal distress, NICU admission, infant with MAS or 5-min Apgar score < 7 ( Figure 3 ).
There were insufficient data to analyze the risk of perinatal death/stillbirth or respiratory distress syndrome. There were inconsistent data to evaluate the umbilical cord blood pH because studies used different thresholds for defining abnormality (e.g. pH < 7.0, < 7.1, < 7.2).
ROB was assessed using the QUADAS-2 tool and is shown in Table S2 . In the low-risk group, ROB was low across most studies in the domain of patient selection except for one study 18 that utilized a case-control design and included only preterm pregnancies and one study for which the ROB was unclear 21 . In the high-risk group, four studies 10, 11, 16, 17 had an unclear ROB for patient selection due to utilizing a case-control design, and a fifth study 13 had an unclear ROB as it did not specify high-risk patients; subjects were recruited because they were undergoing a planned Cesarean delivery and were not necessarily complicated.
DISCUSSION
In the previous meta-analysis performed by Chauhan et al. in 1999 24 , the risk of three specific adverse outcomes (Cesarean delivery for fetal distress, 5-min Apgar score < 7, umbilical artery pH < 7.0) was compared between women with antepartum and intrapartum AFI of ≤ 5.0 cm vs > 5.0 cm. They found that both antepartum and intrapartum oligohydramnios was associated with an increased risk of Cesarean delivery for fetal distress and 5-min Apgar score < 7, but it had no effect on acidosis. Our study expands on theirs by studying oligohydramnios within 1 week of delivery, stratified by low-risk and high-risk pregnancies, and studying several other adverse outcomes, including amniotic fluid meconium staining and MAS.
There are two important findings in this meta-analysis of oligohydramnios compared with normal amniotic fluid in uncomplicated and complicated pregnancies. In the low-risk (uncomplicated) pregnancies with isolated oligohydramnios, there is an increased risk of MAS, Cesarean delivery for fetal distress and admission to the NICU. A critical outcome that could not be evaluated is the risk of stillbirth or perinatal mortality. In this group of studies, the rate of stillbirth was minimal, such that most studies did not include stillbirth as an outcome, and those that did had very few occurrences. Casey et al. 14 showed an association between stillbirth and oligohydramnios but they commented on the difficulty in determining whether intervention for oligohydramnios would improve the stillbirth rate. Because of this association, some suggest delivery at 36 to 37 + 6 weeks' gestation to minimize the risk of stillbirth 33 . However, in an otherwise uncomplicated pregnancy, it may be reasonable to consider prolonging the pregnancy to 38-39 weeks' gestation with reassuring antenatal fetal testing. In addition, although it is not always possible to avoid an emergency Cesarean delivery, it is reasonable to perform an admission contraction stress test on patients undergoing induction of labor for isolated oligohydramnios. This may help predict which patients would benefit from a non-urgent Cesarean delivery. In addition, maternal hydration is a management strategy that is suggested for isolated oligohydramnios and is safe and well tolerated 34 . In the high-risk (complicated) pregnancies, there was an increased risk only of delivering smaller infants and this risk may be due to the underlying condition. This group of pregnancies encompassed a variety of comorbid conditions including pregestational and gestational diabetes, the spectrum of hypertensive disorders of pregnancy, rhesus isoimmunization and fetal growth restriction. Despite these complications, the only difference in outcomes for those with oligohydramnios was the increased risk of having an infant with low birth weight. This may be explained by the comorbid condition, nearly all of which were associated with fetal growth restriction, or it could be a sign of more severe disease. As the oligohydramnios is probably 23 Melamed (2011) 18 Rainford (2001) 20 Conway (1998) 21 Ashwal (2014) Relative risk RR (95% CI) 14 Sultana (2008) 16 (e) Heterogeneity: I 2 = 59.5%, τ 2 = 0.2238, P = 0.0599 Figure 3 Continued a function of the underlying condition, it is reasonable to base management on the complication of pregnancy and not alter the management because of the oligohydramnios.
Strengths of this study include the low ROB and the number of studies reviewed. The primary domain at ROB was patient selection. Although all controlled studies were included, those that used a case-control design, non-random patient selection or included preterm pregnancies (in the low-risk group) were at increased risk of patient selection bias. We did not consider the inclusion of preterm pregnancies an increased ROB in the high-risk group because complicated pregnancies, by their nature, include a significant portion of preterm gestations. The remaining domains had a low ROB due to the specific criteria of our study. As all studies used the same method/threshold for oligohydramnios (index and reference test) and had less than 1 week between diagnosis and delivery (flow/timing), they all had a low ROB and a low concern for applicability.
This study is limited by the available outcome data. The individual studies each looked at several outcome variables but, in order to perform a meta-analysis, we needed consistent outcome variables. This limited our review to only those variables that were common among the studies. Another limitation, as noted above, is the inability to comment on the risk of stillbirth/perinatal mortality. Finally, we included studies that utilized AFI instead of SDP for diagnosis of oligohydramnios. Current data, including the recently published SAFE trial 35 , suggest that the SDP is a better method of diagnosing oligohydramnios because it has a lower detection rate although there is no change in the rate of intervention (i.e. induction of labor) or adverse outcomes. However, there are significantly more data on adverse outcomes with oligohydramnios diagnosed by AFI, and the purpose of this study was to assess adverse outcomes and not compare methods of diagnosis. Other limitations of this and other studies that evaluate the ultrasound estimate of amniotic fluid volume are both antepartum and intrapartum events, including the intraobserver and interobserver variability 36 , amount of pressure on the transducer during the ultrasound scan 37 , ambient temperature 38 , altitude 39 , maternal position 40, 41 and biases of maternal comorbidities 42 .
Although oligohydramnios in low-risk pregnancies is an abnormal finding, there are not enough data to determine the optimal timing of delivery to reduce the risk of adverse outcomes. Future research looking specifically at perinatal mortality associated with oligohydramnios is needed. Complicated pregnancies with oligohydramnios should be managed based on the comorbid conditions.
SUPPORTING INFORMATION ON THE INTERNET
The following supporting information may be found in the online version of this article:
Appendix S1 Studies included in systematic review but excluded from meta-analysis Table S1 Articles excluded from systematic review Table S2 Risk of bias in studies of low-risk isolated oligohydramnios and studies of high-risk oligohydramnios in complicated pregnancy Oligohidramnios en embarazos complicados y sin complicaciones: una revisión sistemática y metaanálisis RESUMEN Objetivo Evaluar, mediante una revisión sistemática y metaanálisis de ensayos controlados, los resultados adversos en embarazos con fetoúnico diagnosticados con oligohidramnios.
Métodos Se realizó una búsqueda en bases de datos electrónicas mediante el uso de OVID, EBSCO, Web of Science, Google Scholar y otras, para el periodo 1980-2015. Se incluyeron estudios prospectivos y retrospectivos con un grupo de control. Dos de los autores revisaron de forma independiente los resúmenes obtenidos en la búsqueda bibliográfica. Los criterios de inclusión fueron: estudios en inglés, embarazo con fetoúnico, anatomía del feto normal, membranas intactas y oligohidramnios diagnosticado mediante la técnica delíndice de líquido amniótico (ILA). El metaanálisis se estratificó en dos grupos, según el riesgo: un grupo de alto riesgo, que incluyó estudios de oligohidramnios con condiciones comórbidas (p. ej. hipertensión) y otro de bajo riesgo, que incluyó estudios de oligohidramnios aislado.
Resultados Quince ensayos cumplieron los criterios de inclusión. Nueve eran de alto riesgo y seis de bajo riesgo, e incluían un total de 8067 y 27526 mujeres, respectivamente. En comparación con las mujeres con un ILA normal, aquellas con oligohidramnios aislado mostraron tasas significativamente más altas de lactante con síndrome de aspiración de meconio (riesgo relativo (RR), 2,83; IC 95%, 1,38-5,77), parto por cesárea motivado por sufrimiento fetal (RR 2,16; IC 95%, 1,64-2,85) e ingreso en la unidad de cuidados intensivos para recién nacidos (UCI neonatal) (RR 1,71; IC 95%, 1,20-2,42). Las pacientes con oligohidramnios y comorbilidades fueron más propensas a tener recién nacidos con bajo peso al nacer (RR 2,35; IC 95%, 1,27-4,34). Sin embargo, las tasas delíndice de Apgar a los 5 min <7 (RR 1,85; IC 95%, 0,69-4,96), del ingreso a la UCI neonatal (RR 2,09; IC 95%, 0,80-5,45), del líquido amniótico teñido de meconio (RR 1,32 ; IC 95%, 0,62-2,81) y del parto por cesárea motivado por sufrimiento fetal (RR 1,65; IC 95%, 0,81-3,36) fueron similares a las de las mujeres con un ILA normal. Las tasas deéxitus fetal fueron demasiado bajas como para analizarlas en el metaanálisis.
Conclusiones Esta revisión ayuda a definir los resultados adversos que aumentan con el oligohidramnios en embarazos de bajo riesgo (ingreso a la UCI neonatal, parto por cesárea motivado por sufrimiento fetal y síndrome de aspiración de meconio), pero no proporciona datos suficientes para determinar el momentoóptimo del parto en estos casos. En embarazos complicados, el oligohidramnios está asociado con un mayor riesgo de partos de recién nacidos con bajo peso al nacer, pero esto se puede confundir con la comorbilidad. Por lo tanto, en embarazos de alto riesgo, el tratamiento lo debe dictar la condición comórbida y no la presencia de oligohidramnios. 
